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Abstract: There have been several attempts to repair the Achilles tendon by surgery or replacement with graft materials. Because tissue
repair is a complex process, tendon healing occurs slowly. In rats, immobilization of the limb is essential during recovery. There are
immobilization methods such as plaster or fiber casting. According to prolonged recovery, most of the procedures cause skin ulceration,
decrease in weight, restrictions in checking the surgery area, and slipping out of the cast. Our aim was to apply a suture around the defect
for immobilization. Tendons of 30 male Wistar rats (250 ± 50 g and aged 8 ± 2 weeks) were dissected and the cut ends were immediately
sutured proximally-distally with an 8-0 nonabsorbable suture. For partial immobilization a needle with a 4-0 suture was passed 3 mm
proximally and 3 mm distally between the gastrocnemius and calcaneus. A knot was applied close to the calcaneus. The skin was closed
with a continuous, Ford interlocking 6-0 suture pattern. The animals were sacrificed after 2 and 4 weeks. No difference was observed in
means of muscle atrophy when compared to contralateral intact muscle. No ulcer, sore, or swelling was observed. Tendons were intact
and showed superior histological characteristics. Recent techniques seem to be effective in applying strength to protect the defect area
from muscle tensile stress of the gastrocnemius during the recovery period.
Key words: Achilles tendon, immobilization, tendon healing, surgery

1. Introduction
The Achilles tendon is the major connective tissue with
parallel arranged collagen fibers, which transmits the tensile
force generated by the gastrocnemius and soleus muscle
complex to the calcaneal bone. Structurally, the tendon is
composed of tenoblasts and tenocytes lying longitudinally
in a network of collagen molecules. Tenoblasts transform
into tenocytes as they age with decreased metabolic activity
(1). The extracellular components of the tendon are mainly
collagen type I, III, and V; proteoglycans; fibronectin; and
elastic fibrils (2,3). The arrangement of these molecules
provides the tendon with a unique strength against strain.
Partial or total rupture of the Achilles tendon and
failure in its biomechanical properties are a common form
of large muscle-tendon injury, occurring mostly in athletes
(4,5). The regeneration of the tendon is a complex process
that includes several histopathological events taking more
than 12 weeks with a remodeling phase (6,7). It is well
known that during the repair process the damaged tissue
area is replaced by newly formed extracellular matrix
components (8). Healing of a ruptured tendon occurs in
* Correspondence: cansiny@gmail.com
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3 phases: the cellular phase, the fibrous protein synthesis
phase, and the remodeling phase (9). Because of low
mitotic activity and the lack of vascularization, tendon
remodeling occurs very slowly when compared to other
connective tissues (10–12). For this reason, there have
been several attempts to repair the damaged zone either
by surgical techniques or by replacing the tissue with graft
materials (13,14). However, the optimal repair method
of a ruptured tendon is under considerable debate. The
most frequently applied treatment method is conservative,
surgical, and percutaneous repair (15). There are several
tissue engineering approaches that have aimed to produce
either biological or synthetic polymers for the repair of
damaged tissue (16,17).
Over the past few years clinicians have become
interested in accelerating the process of tendon healing.
For this purpose, there have been several attempts with
laboratory animals, including rats and rabbits. During
recovery, immobilization of the hind limb is frequently
used to reduce the amount of force acting on the damaged
zone, which is also possible by self-limitation due to pain
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reaction (18). Nevertheless, it is still a matter of controversy
whether postoperative mobilization causes any successful
changes in the phases of tendon healing or if mobilization
accelerates the restoration of tendon matrix when
compared with postoperative immobilization (18,19).
Tendon repair starts with hematoma formation and ends
with remodeling. It has been previously reported by
Virchenko and Aspenberg that mechanical loading during
recovery accelerates tendon remodeling (20). However,
mechanical stimulation is reported to be seldom used
because of the possibility of overloading the fibrogenic
callus and distracting the newly forming tendon (20).
On the other hand, there have been several studies
in which postoperative immobilization was preferred,
including different types of casting methods (15,21–23),
tail suspension (24), external fixation (25), denervation
(26), extremity suspension (27), and botulinum toxin A
injection (20). However, according to prolonged recovery,
most of these casting procedures may cause skin ulceration
due to the retention of urine by the cast, decrease in weight,
restrictions in checking the surgery area, and slipping out
the casts by the animal, especially in rodent studies (23).
It was shown that immobilization has a detrimental effect
on tendon healing. The immobilization of limbs results
in atrophy of the muscles, which are fixed in a resting
position. This situation is described by a decrease in the
contractile protein synthesis rate during the first 6 h of
immobilization, which plays a role in initiating muscular
atrophy (28,29). The models described in the literature also
report harmful effects such as muscular fiber hypotrophy,
increased connective tissue, loss of muscular extensibility,
and limitation of joint movement (30).
The model in this study was to apply a suture around
the defect area for partial immobilization. The objective of
the present study was to propose partial immobilization to
the defected area without restriction of limb movement,
which would be functional for the extremity by keeping
only the area of surgery immobilized.
2. Materials and methods
The entire surgical procedure was approved by the
Institutional Animal Health and Care Committee of
Hacettepe University (approval number: 2009/8). Thirty
male Wistar albino rats were used in this study. The age
was 9 weeks with an average weight of 275 g (range: 250 ±
50 g). The animals were randomly divided into 2 groups,
each containing 15 animals. The experimental study was
conducted on the right Achilles tendons of the rats; the left
Achilles tendon in each animal served as the control. All
rats received tap water and were fed ad libitum. Rats were
housed in plastic cages in an air-conditioned room at 22
± 2 °C, in relative humidity of 45%, and with a 12-h light/
dark cycle. The gross appearance and body weight were

evaluated at the beginning of the surgical procedure and
at the end of study.
2.1. Surgical technique
The rats were anesthetized with an intraperitoneal
injection of 2 mg/kg xylazine HCl (Alfasan; Woerden,
the Netherlands) and 15 mg/kg ketamine HCl (Richter
Pharma; Wels, Austria). The fur on both hind limbs
was shaved with a disposable razor following soap-andwater cleaning. The surgical area was disinfected with a
povidone 10% solution (Diagnokim, İstanbul, Turkey) and
covered with a sterilized cloth. Under sterile conditions, a
longitudinal incision was made on the skin from the distal
end of the gastrocnemius muscle to the calcaneal bone.
Achilles tendon was isolated and a mid-3/1 section (3 mm
long) was sharply excised with a scalpel blade (Figure 1A).
An immediate interposition of the excised tendon part
was sutured proximally and distally using 8-0 absorbable
suture material (SMI, Hünningen, Belgium) (Figure 1B).
For partial immobilization of the Achilles tendon,
4-0 nonabsorbable suture material (Ethicon, Woluwe,
Belgium) was used. The needle was passed 3 mm
proximally and distally around the excised tendon through
the gastrocnemius muscle and close to the calcaneal bone
(Figure 1C). A knot was applied close to the calcaneal
bone (Figure 1D). Skin was closed with a continuous,
Ford interlocking suture pattern using 6-0 nonabsorbable
suture material (SMI) (Figure 1E).
2.2. Postoperative management
Subsequently, rats were kept warm on a warmed pad
of a water-heating circulator for a few hours (WBC
3044-PR, COMMAT, Ankara, Turkey). Carprofen at
5 mg/kg subcutaneously (Rimadyl, Pfizer) was given
postoperatively.
2.3. Total excision of Achilles tendon
At 2 weeks (n = 15) and 4 weeks (n = 15) after surgical
operation, all rats were euthanized with CO2 inhalation.
The skin overlying the Achilles tendon was shaved and a
longitudinal incision was made above the outline of the
tendon. Surrounding connective tissues were removed and
transverse cuts were made below the musculotendinous
junction and above the calcaneal bone.
2.4 Histopathological evaluations
Tissue specimens were fixed in 10% formaldehyde for
24 h and then washed under tap water for another 24 h
for further histopathological analysis. Specimens were
dehydrated through ascending concentrations of ethanol
before being embedded in paraffin (Merck, Darmstadt,
Germany). A Leica RM 2125 microtome was adjusted at
5 µm. The sections were placed on slides. The slides were
then stained with hematoxylin eosin and examined blind
independently by 3 observers with an Olympus BX51
system light microscope. The photographs were captured
with Bs200ProP software.
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Figure 1. A) The excision of the mid-3/1 section (3 mm long) of the Achilles tendon; B) an immediate interposition of
excised tendon part with 8-0 absorbable suture material; C) needle was passed 3 mm proximally and distally around
excised tendon through the gastrocnemius muscle and close to the calcaneal bone; D) a knot was applied close to
the calcaneal bone; E) skin was closed with continuous, Ford interlocking suture pattern using 6-0 nonabsorbable
suture material.

3. Results
3.1. Gross observations
All tendons showed the first intention of healing by
attachment to proximal and distal parts close to the
incision zones without any evidence of swelling or sepsis.
The evaluation at the end of the postoperative 4th week
after surgery was satisfactory in the immobilization
group. No difference was observed in the means of muscle
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atrophy when compared to the contralateral intact muscle.
No ulcer, sore, or foot swelling was observed in any of the
animals. The tendons were intact.
3.2. Histopathological examinations
The native rat Achilles tendon consisted of closely packed
collagen fibril bundles and few tenocytes lying in between
the fibrils in a longitudinal arrangement (Figure 2A). Fiber
bundles were well organized with parallel arrangement.
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Postoperative 4th week
Figure 2. A) Closely packed collagen fibril bundles and tenocytes lying in between the fibrils in longitudinal
arrangement; B) a cell and hypertrophic collagen fibril rich granulation tissue at the end of the 2nd week after
operation; C) decreased amount of inflammatory cells and regression of granulation tissue at the end of the 4th
week after operation; D) intact fiber bundles at the end of the 2nd week; E) small amounts of lipid droplets and
adipocyte accumulation.

Tenocytes were in a spindle shape with basophilic nuclei
and massive amounts of cytoplasm (Figure 2A, black
arrows). It was hard to identify and obtain round-shaped
tenoblasts.
At the end of the postoperative 2nd week, a cell-rich
and hypertrophic collagen fibril-rich granulation tissue
was visible around the incision zone when compared
to the native tendon (Figure 2B, arrow). Tendons were

disorganized as a result of space-filling tissue ingrowth.
Massive infiltration of polymorph nuclear leucocytes,
neutrophils, and platelets representing an inflammatory
healing reaction was also observed. The number of
tenoblasts with more round nuclei was greater when
compared to the spindle-shaped tenocytes. Cell density
was increased when compared to the native tendon
specimens. The space between collagen fibril bundles was
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increased, as a typical dense connective tissue network.
At the end of the postoperative 4th week, the major
difference between the 2nd week’s group was the decrease
in the amount of inflammatory cells and regression
of granulation tissue (Figure 2C). Major histological
improvement was observed as the restoration of more
organization in collagen fibril structure (Figure 2C, star).
There were still small amounts of inflammatory cells
(Figure 2C, arrows). However, it was detectable that the
healing process was still not complete when compared to
native tendon specimens. The number of tenoblasts was
also decreased. A decrease in cell density was another
important finding. Fiber bundles were more intact with
each other when compared to the 2nd week’s specimens
(Figure 2D, star). There was no fibrocartilage formation
between bundles; however, small amounts of lipid droplets
and adipocyte accumulation were observed (Figure 2E,
arrows).
4. Discussion
Achilles tendon injuries are commonly seen in humans
and in veterinary orthopedics. The ability to restore
functional healing in the treatment of Achilles tendon
injuries is greatly improving with the development of better
surgical techniques. There have been several attempts at
immobilization techniques during healing process. In
spite of these, however, the outcome of surgical repair is
often less than desirable.
It has been previously reported that the movement
during regeneration causes a delay in healing (15), which
leads surgeons to apply immobilization techniques
following surgical repair. However, no attempt has been
made to partially immobilize the repair zone that may
potentially be applied for Achilles tendon reconstruction.
Considering the importance of the Achilles tendon in
body function, we set up a novel partial immobilization
technique, different from previous studies, to explore
tendon recovery after rupture. The technique applied
in this study seems to be effective in applying adequate
strength to protect the defect area from muscle tensile
stress of the gastrocnemius during the recovery period.
Consequently, we can say that the partial immobilization
technique provided significant stability without restricting
limb functions and causing any infection or accumulation
of natural dirt. The experiment carried out here is also
reproducible.
Other approaches of tendon immobilization during
the healing process led to reports that mechanical loading
stimulates and improves the formation of remodeling.
However, mechanical loading on the healing zone is seldom
used because of the fear of overloading and distracting the
newly forming tendon (20). During the healing process,
animals usually exert considerable contraction forces,
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which results in loading on the injured site. According
to our histological results, partial immobilization had
a stimulatory effect on tendon repair by enabling the
animal to move freely and preventing overloading without
damaging the surgical repair zone.
Another aspect of immobilization is the adverse effect
on protein synthesis of different muscle fibers (30). As in
other studies, unloading of the rat hind limbs for 6 days
by tail cast suspension led to atrophy and reduced growth
of the gastrocnemius and plantaris muscles (31,32). It
was also reported that due to decreased activity caused
by oxidative enzymes, muscle fibers with oxidative stress
are more vulnerable to muscle activity (33). Considering
our approach, depending on the fact that the animal is
functional and enabled to use its limb, the formation of
muscle atrophy and oxidative stress is not expected. Our
technique does not cause any reduction of muscle mass as
well as an increase in connective tissue amount.
Another important factor is that partial immobilization
allowed the animal to keep good adaptation to its
environment postoperatively without promoting any skin
lesions or edema. Since the formation of these changes in
gross appearance occurs slowly, these discrepancies with
our results may be due in part to the fact that our period
of immobilization was not too long of a duration; also, our
approach with internal fixation does allow for skin repair
without infection.
Histopathological results also supported the gross
morphological examinations. The histopathological
results revealed that the healing process was successful in
all specimens obtained from treatment legs. In addition,
histology of specimens belonging to the treatment legs
showed a similar and structurally well-organized tissue
composition when compared with the control specimens
at the end of the 4th week. In a previous study conducted
with partial tendon defect in rabbits, it was reported that
6 weeks after tendon surgery, most of the specimens
had a looser extracellular matrix (ECM) combined with
hypercellularity and hypervascularity (34). In contrast,
these findings were mostly observed in the 2-week group.
The 4-week group showed a more organized histological
structure, such as dense ECM, consisting of parallel
orientated collagen fibers and longitudinal aligned
tenocytes. Consequently, it is possible to say that partial
immobilization of the Achilles tendon positively affects
histological remodeling.
Our findings indicate that with partial immobilization
it is possible to generate a protective environment for the
Achilles tendon during the healing period. Establishment
of such an approach is important when considering the
potential for clinical application. Therefore, the approach
developed by this study may provide insight into the
future clinical repair of tendon defects by employing such
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a partial immobilization. To our knowledge, this is the first
report of the partial immobilization of the Achilles tendon
complex. Developments in our understanding of tendon
healing at cellular, histological, and molecular levels are
promising to enable surgeons to modulate the operative
repair and improve immobilization techniques. Although
immobilization is being extensively studied, there is still a
requirement for further research.

Acknowledgments
This work was supported by the Scientific and Technological
Research Council of Turkey (TÜBİTAK) with research
project number 109T977. Part of this work was previously
presented at the 3rd East Mediterranean ICLAS Symposium,
XV. ICLAS General Assembly, 13–15 June 2011, İstanbul,
Turkey. Only part of the abstract with less than 250 words
was published in the congress abstract book.

References
1

Kannus, P., Jozsa, L., Jarvinnen, M.: Basic science of tendons. In:
Garrett, W.J., Speer, K.P., Kirkendall, D.T., Eds. Principles and
Practice of Orthopaedic Sports Medicine. 1st edn., Lippincott
Williams & Wilkins, Philadelphia, USA. 2000; 21–37.

14

Franco, B., Vincenzo, V., Alessandro, D.V., Tonello, C.,
Abatangelo, G., Mazzoleni, F.: Tissue engineering approaches
for the construction of a completely autologous tendon
substitute. Indian J. Plast. Surg., 2008; 41: 38–46.

2

Nakagawa, Y., Majima, T., Nagashima, K.: Effect of ageing on
ultrastructure of slow and fast skeletal muscle tendon in rabbit
Achilles tendons. Acta Physiol. Scand., 1994; 152: 307–313.

15

3

Güngörmüş, C., Kolankaya, D.: Characterization of type I, III
and V collagens in high-density cultured tenocytes by tripleimmunofluorescence technique. Cytotechnology, 2008; 58:
145–152.

Kuru, İ., Maralcan, G., Ulukan, İ., Bozan, M.E., Altınel, L.,
Tokyol, Ç.: Biomechanical and histologic comparison of
Achilles tendon ruptures reinforced with intratendinous
and peritendinous plantaris tendon grafts in rabbits: an
experimental study. Arch. Orthop. Trauma Surg., 2004; 124:
608–613.

16

Cribb, A.M., Scott, J.E.: Tendon response to tensile stress:
an ultrastructural investigation of collagen: proteoglycan
interactions in stressed tendon. J. Anat., 1995; 187: 423–428.

Awad, H.A., Butler, D.L., Boivin, G.P., Smith, F.N., Malaviya,
P., Huibregtse, B., Caplan, A.I.: Autologous mesenchymal stem
cell-mediated repair of tendon. Tissue Eng., 1999; 5: 267–277.

17

Koob, T.J., Willis, T.A., Qiu, Y.S., Hernandez, D.J.:
Biocompatibility of NDGA-polymerized collagen fibers.
II. Attachment, proliferation, and migration of tendon
fibroblasts in vitro. J. Biomed. Mater. Res., 2001; 56: 40–48.

18

Krapf, D., Kaipel, M., Majewski, M.: Structural and
biomechanical characteristics after early mobilization in an
Achilles tendon rupture model: operative versus nonoperative
treatment. Orthopedics, 2012; 35: e1383–e1388.

19

Suchak, A.A., Bostick, G.P., Beaupré, L.A., Durand, D.C.,
Jomha, N.M.: The influence of early weight-bearing compared
with non-weight-bearing after surgical repair of the Achilles
tendon. J. Bone Joint Surg., 2008; 90: 1876–1883.

20

Virchenko, O., Aspenberg, P.: How can one platelet injection
after tendon injury lead to a stronger tendon after 4 weeks?
Interplay between early regeneration and mechanical
stimulation. Acta Orthop., 2006; 77: 806–812.

21

Booth, F.W., Kelso, J.R.: Production of rat muscle atrophy by
cast fixation. J. Appl. Physiol., 1973; 34: 404–406.

22

Enwemeka, C.S.: Inflammation, cellularity, and fibrillogenesis
in regenerating tendon: implications for tendon rehabilitation.
Phys. Ther., 1989; 69: 816–825.

23

Coutinho, E.L., Gomes, A.R.S., Franca, C.N., Salvini, T.F.: A
new model for the immobilization of the rat hind limb. Braz. J.
Med. Biol. Res., 2002; 35: 1329–1332.

24

Jaspers, S.R, Fagan, J.M., Satarug, S., Cook, P.H., Tischler, M.E.:
Effects of immobilization on rat hind limb muscles under nonweight-bearing conditions. Muscle Nerve, 1988; 11: 458–466.

4

5

Clayton, R.A., Court-Brown, C.M.: The epidemiology of
musculoskeletal tendinous and ligamentous injuries. Injury,
2008; 39: 1338–1344.

6

Doillon, C.J., Dunn, M.G., Bender, E., Silver, F.H.: Collagen
fiber formation in repair tissue: development of strength and
toughness. Coll. Relat. Res., 1985; 5: 481–492.

7

Liu, S.H., Yang, R.S., Al-Shaikh, R., Lane, J.M.: Collagen in
tendon, ligament, and bone healing: a current review. Clin.
Orthop. Relat. Res., 1995; 318: 265–278.

8

Leadbetter, W.B.: Cell matrix response in tendon injury. Clin.
Sports Med., 1992; 11: 533–578.

9

Reddy, G.K., Stehno-Bittel, L., Enwemeka, C.S.: Matrix
remodeling in healing rabbit Achilles tendon. Wound Repair
Regen., 1999; 7: 518–527.

10

Ahmed, I.M., Lagopoulos, M., McConnell, P., Soames,
R.W., Sefton, G.K.: Blood supply of the Achilles tendon. J.
Orthop. Res., 1998; 16: 591–596.

11

Woo, S.L., Hildebrand, K., Watanabe, N., Fenwick,
J.A., Papageorgiou, C.D., Wang, J.H.: Tissue engineering of
ligament and tendon healing. Clin. Orthop. Relat. Res., 1999;
367: 312–323.

12

Möller, H.D., Evans, C.H., Maffulli, N.: Current aspects of
tendon healing. Orthopade, 2000; 29: 182–187.

13

Bagnaninchi, P.O., Yang, Y., El Haj, A.J., Maffulli, N.: Tissue
engineering for tendon repair. Br. J. Sports Med., 2007; 41: 1–5.

551

GÜNGÖRMÜŞ et al. / Turk J Vet Anim Sci
25

Murrell, G.A., Lilly, E.G., Goldner, R.D., Seaber, A.V., Best,
T.M.: Effects of immobilization on Achilles tendon healing in a
rat model. J. Orthop. Res., 1994; 12: 582–591.

31

Jaspers, S.R., Tischler, M.E.: Atrophy and growth failure of
rat hindlimb muscles in tail-cast suspension. J. Appl. Physiol.,
1984; 57: 1472–1479.

26

Hornberger, T.A., Hunter, R.B., Kandarian, S.C., Esser, K.A.:
Regulation of translation factors during hindlimb unloading
and denervation of skeletal muscle in rats. Am. J. Physiol. Cell
Physiol., 2001; 281: 179–187.

32

Jaspers, S.R., Fagan, J.M., Tischler, M.E.: Biochemical response
to chronic shortening in unloaded soleus muscles. J. Appl.
Physiol., 1985; 59: 1159–1163.

27

Palmes, D., Spiegel, H.U., Schneider, T.O., Langer, M.,
Stratmann, U., Budny, T., Probst, A.: Achilles tendon healing:
long-term biomechanical effects of postoperative mobilization
and immobilization in a new mouse model. J. Orthop. Res.,
2002; 20: 939–946.

33

Helsinga, J.W., te Kronnie, G., Huijing, P.A.: Growth and
immobilization effects on sarcomeres: a comparison between
gastrocnemius and soleus muscles of the adult rat. Eur. J. Appl.
Physiol. Occup. Physiol., 1996; 70: 49–57.

34

Stoll, C., John, T., Conrad, C., Lohan, A., Hondke, S., Ertel, W.,
Kaps, C., Endres, M., Sittinger, M., Ringe, J., Schulze-Tanzil, G.:
Healing parameters in a rabbit partial tendon defect following
tenocyte/biomaterial implantation. Biomaterials, 2011; 32:
4806–4815.

28

Booth, F.W.: Effect of limb immobilization on skeletal muscle.
J. Appl. Physiol., 1982; 52: 1113–1118.

29

Murrell, G.A., Jang, D., Deng, X.H., Hannafin, J.A., Warren,
R.F.: Effects of exercise on Achilles tendon healing in a rat
model. Foot Ankle Int., 1998; 19: 598–603.

30

Da Silva, C.A., Guirro, R.R.J., Polacow, M.L.O., Cancelliero,
K.M., Durigan, J.L.Q.: Rat hindlimb joint immobilization with
acrylic resin orthoses. Braz. J. Med. Biol. Res., 2006; 39: 979–
985.

552

